We invited 1604 randomly selected women, all 75 years of age, to participate in a study on the risk factors for fracture. The women were divided into three groups consisting of 1044 (65%) who attended the complete study, 308 (19%) respondents to the study questionnaire only and 252 (16%) who did not respond. The occurrence of the life-time fracture was ascertained from radiological records in all groups and by questionnaires from the attendees and respondents.
In the Western hemisphere, osteoporosis and associated fractures are an increasing problem and of considerable cost to society. 1 Valuable information for the identification of risk factors is provided by population-based or casecontrol studies. When performing clinical or epidemiological studies, background information is often obtained from questionnaires. The reliability of the information, however, is rarely verified objectively since such information may have been difficult or impossible to obtain, particularly regarding conditions over a lifetime. Another potential source of bias is related to the rate of response and the representativity of those responding, declining to respond or not answering. With a low rate of response there is always uncertainty as to whether the conclusions can be assumed to hold true for the entire population. The correct identification of fractures is essential in research on osteoporosis and risk assessment since a previous fracture is one of the strongest predictors of a new fracture. 2 Our aim was to examine the difference in the life-time rate of fracture among participants and non-participants in a population-based study of elderly women, and to compare data on the occurrence of life-time fracture from radiological files and a selfassessment questionnaire.
Patients and Methods
The Osteoporosis Prospective Risk Assessment study 3, 4 involved 1604 women, aged 75 years, randomly selected from the population files of the city of Malmö. Invitations were sent between December 1995 and May 1999, one week after each woman's 75th birthday. The data in our study refer to three groups of women: 1) 1044 (65%) who attended the study 3, 4 with complete participation in the examinations for risk factors on osteoporosis and fracture (attendees); 2) 308 (19%) who responded to the questionnaire but did not attend the examination (questionnaire respondents); and 3) 252 (16%) who neither responded nor attended (non-respondents). Among the questionnaire respondents and non-respondents, 152 (27%) gave illness and 376 (67%) unwillingness as reasons for nonparticipation. Despite several attempts, 32 women (6%) were among the non-attendees uncontactable. All parts of the study were approved by the ethics committee of Lund University. Fracture data. The radiological registers of Malmö University Hospital were searched for fractures occurring at any time during life in all 1604 women. There is only one hospital in the city with a radiological department. This department is unique in that it has kept all THE JOURNAL OF BONE AND JOINT SURGERY radiographs and their reports since the beginning of the 1900s. Radiography can be performed in two smaller outpatient units in the city. They have no facilities for the care of fractures and therefore most patients are referred to the hospital where the radiographs are registered. The proportion of patients diagnosed and treated for fractures in the city and not registered at our hospital has previously been estimated to be less than 3%. 5 Every resident in Sweden has a unique ten-digit personal ID number based on their date of birth and this is always used when in contact with public services such as health care. Based on the radiological records, any previous fracture and the age at injury were registered retrospectively for each participating woman. Fractures reported by the attendees which could not be found in the radiological records were checked for in the files of the orthopaedic department. If a participant recorded a fracture as occurring at a different hospital, no further verification was made.
A self-assessment questionnaire, checked for completeness by the research personnel, was used to register any previous fracture, including type, location and age at fracture for the 1044 attendees and 308 questionnaire respondents. Statistical analysis. The chi-squared test was used when the proportion of women with at least one fracture in the different groups was compared. If expected or observed cell counts were five or less, Fisher's exact test was used. Differences in the rates of fracture were calculated not only for the type of fracture but also for specific sites, such as the hip, distal forearm, vertebra, proximal humerus and pelvis. These specific fractures were also grouped as 'typical osteoporotic'. The Kruskal-Wallis analysis of variance (ANOVA) test was used when the number of fractures per person in three different groups was compared and the Mann-Whitney U test when the number of fractures per person in two different groups was assessed. A p-value < 0.05 was regarded as being statistically significant.
Results
According to the radiological records, 591 of the 1604 women (36.8%) had sustained at least one fracture in their first 75 years. There was a significant difference between the three groups concerning any type of fracture and typical osteoporotic fractures (Table I) . Subsequent tests in the groups showed that fewer of the questionnaire respondents (88 of 308, 28.6%) and non-respondents (68 of 252, 27%) had sustained at least one fracture when compared with the attendees (435 of 1044, 41.7%) (chi-squared test, p < 0.001 respectively). Tests between the groups showed that fewer of the questionnaire respondents (61 of 308, 19.8%) and nonrespondents (48 of 252, 19%) had sustained at least one 
typical osteoporotic fracture when compared with the study attendees (280 of 1044, 26.8%; chi-squared test, p = 0.013 and p = 0.011, respectively). The number of fractures per person was compared in the three groups (Table II) and there were significant differences among them (Kruskal-Wallis test, ANOVA, p < 0.001). Subsequent tests of the groups showed that the 1044 attendees had sustained more fractures per person (median; 0, 75% percentile 1; 95% percentile 3; Mann-Whitney U test, p < 0.001) than the 308 questionnaire respondents (median; 0, 75% percentile 1; 95% percentile 2). The attendees had also sustained more fractures per person (Mann-Whitney U test, p < 0.001) than the non-respondents (median; 0, 75% percentile 1; 95% percentile 2).
According to the questionnaires, 553 of the 1352 attendees and respondents (41%) had sustained at least one previous fracture. Significantly fewer of the questionnaire respondents (96 of 308, 31.1%) had sustained at least one previous fracture when compared with the study attendees (457 of 1044, 43.7%, Table III) (chi-squared test, p < 0.001). Regarding specific types of fracture, this was significant for distal forearm fractures and any osteoporotic fracture (Table III) .
Fractures recorded by questionnaire in 1044 attendees which could not be verified in the radiological archives were also searched for in the orthopaedic files of our hospital. This verified another 44 fractures in 36 women. We also found that five 'fractures' in the questionnaire were likely to be misnomers (one injury of the knee, one injury of the wrist, one dislocation of the shoulder, one case of elbow surgery and one of epicondylitis). Of the 1044 attendees, 74 recorded that the treatment of 82 fractures had been undertaken outside our hospital. However, 36 of these fractures were registered in our radiological or orthopaedic files.
By comparing the radiological registration of age and type of fracture with the questionnaire data, the methods for fracture confirmation could be combined for the 1044 attendees and 308 questionnaire respondents. After comparison of those fractures found in the radiological archives and remembered by an individual and the subsequent exclusion of duplicates, the percentage of women who sustained at least one fracture was 49% (661 of 1352). A discrepancy between fractures in the archive and recall data was seen especially in youth when relatively few fractures occurred (Fig. 1) . The incidence of fracture rose steeply after the age of 50 years and another increase was seen after the age of 70 years (Fig. 1) .
During their life-times, the 1352 women sustained 67 hip, 325 distal forearm, 98 vertebral and 70 proximal humeral fractures. No hip fractures occurred before the age of 40 years and their frequency increased after 55 years, with a maximum in the group aged 70 to 74 years. Distal forearm fractures were seen at all ages, with a maximum in the group aged 55 to 59 years. All vertebral fractures were Graph showing fracture confirmation from the radiological files alone, and the radiological files and questionnaire data combined for the study attendees and the questionnaire respondents (n = 1352). A discrepancy between fractures found in the radiological files and questionnaire data was seen in youth when relatively few fractures occur. The incidence rose steeply after the age of 50 years and another increase was seen after the age of 70 years.
THE JOURNAL OF BONE AND JOINT SURGERY sustained after the age of 40 years, with a maximum incidence in the group aged 70 to 74 years. Proximal humeral fractures were seen after the age of 45 years, with a maximum incidence in the group aged 70 to 74 years. Of the 1352 women who responded to the questionnaire, 523 (38.6%) had at least one fracture registered in the radiological archives. According to the questionnaire, 78.4% (410) of the 523 women recalled sustaining a fracture (Table IV) . Hip and distal forearm fractures were more often correctly identified than vertebral fractures, which were remembered only by 25% (17 of 68) of the women (Table IV) . The proportion of women remembering at least one fracture before and after the age of 50 years was similar (77.5% (117 of 151) vs 78.3% (353 of 451)) (Table IV) .
For the 1352 women, the sensitivity for finding a fracture in the radiological files when a woman recalled a fracture in the questionnaire was 74% (95% confidence interval (CI) 72 to 76). The specificity (no fracture found in the radiological files when a woman did not recall a fracture) was 86% (95% CI 84 to 88).
Discussion
Our study has shown that studies on osteoporosis and fractures may attract individuals who have sustained fractures, that individuals tend to under-report previous fractures and that data from a combination of different sources may approach true life-time incidence of fracture.
Our study has several advantages. The cohort is well defined, there are detailed fracture data including information from non-participants, and the study covers the entire life up to the age of 75 years. There are several possible limitations. The reason for the discrepancy between the different sources of information may be that some fractures were sustained outside our catchment area and the patients did not attend our hospital, or that in some fractures for example ribs and toes, either radiography was not carried out or was performed at one of the two private outpatient clinics and, when no specific treatment was needed, not referred to our hospital. Furthermore, during a period of 75 years we cannot exclude the possibility that some radiological files were lost. Up until 1989, the studies assessing agreement between questionnaire data and corresponding data from various medical files, did not assess fractures. After that time a few such studies were performed. 5, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Certain fractures are more commonly recalled, such as in the forearm and those which occurred early in life. 13, 14, 16 We found no difference in the extent of under-reporting between attendees and questionnaire respondents. Verification of fractures from hospital files revealed a dissimilar pattern among attendees and respondents, suggesting that the former had a significantly higher prevalence.
It is often a concern that respondents in randomlyselected studies are not representative of the entire population and, for example, may include the healthier members of the population. However, condition-related studies may attract a greater number of those with the disease or condition. In order to address selection bias and its impact on the pattern of fracture, we were able to obtain the questionnaire from 55% (308 of 560) of the women unwilling to attend the full investigation. We were also able to obtain information on the reason for not attending in 94% (528 of 560) of the non-attendees. Fractures were registered for the entire cohort (1604 women). If those who did not attend the complete examination represented a less healthy group we would have expected a higher number of fractures. However, we found the opposite. This finding is supported by another study in women in which participants had more fractures than non-participants. 15 Peripheral fractures are normally identified easily while vertebral fractures are not. We decided to register only the fracture of a particular vertebra in a person once. Although this was done to avoid multiple counting, our approach may have underestimated worsening of vertebral compression fractures. However, specific grading of vertebral fractures was not our purpose. Certain types, such as fissure or hairline fractures, may not always be perceived as a fracture, which may also account for differences in the prevalence between radiological files and self-assessment questionnaires. Another difficulty when using self-assessment is the possibility of misclassifying the fracture region. One approach to this problem may be the use of a body manikin 14 but this is not necessarily more accurate. Self-reporting of fractures is often used in studies, but it may be difficult to estimate its accuracy, particularly when dealing with long-term or lifetime reporting. There may also be a tendency to forget with increasing age. However, the proportion of women remembering at least one fracture did not differ before and after the age of 50 years. We have previously shown that up to 30% of 60-to 80-year old women who had a fracture of the wrist had forgotten the fracture or on which side it had occurred, 10 and in a study of 391 participants Jonsson et al 5 found that 40% of the fractures had been forgotten. 5 We did not test the validity of the questionnaire by asking the women to repeat it. Instead, we tested reliability by registering fractures from the hospital files. Women appear to remember fractures in childhood and youth as well as recent fractures (Fig. 1) . Gross under-reporting of vertebral fractures is not surprising since they may not be described as a fracture and are therefore difficult to differentiate from back pain. For other fractures, particularly those not requiring specific treatment, it may be very difficult for the patient to differentiate between fracture and soft-tissue injury. Fractures of the hip and distal forearm seem to be easier to remember than other types. 17, 18 The use of questionnaires alone for confirmation of a fracture may underestimate their true life-time occurrence by 22% (any type of fracture) and 30% (any osteoporotic fracture), as seen in our study when questionnaire data were compared and combined with radiological data. While the true life-time incidence of fracture may be very difficult to obtain, we believe the use of a combination of sources may give this. In the analysis of specific types of fracture, the age-specific patterns agreed with other reports. 19 Self-reporting of fracture underestimated their number, especially those occurring in middle age. Memory recall was similar in attendees and questionnaire respondents. There was no significant difference in reliability between them, and willingness to participate did not seem to affect the result. We found the sensitivity for having one or more fractures to be 74% for the attendees and respondents. This is slightly lower than in similar reports, probably because it is a 75-year retrospective study. Most other studies are shorter and prospective, with sensitivity for any fracture ranging between 78% and 88% and specificity 89% and 96%. 11, 13, 14, 16 In summary, between 36.8% (591 of 1604) and 49% (661 of 1352) of 75-year old women in Malmö experienced a fracture during their lifetime. The rate of fracture varies depending on the source used for fracture assessment (radiological data only or radiological data combined with questionnaire data). A study of a specific disease, in this case osteoporosis and fracture, may attract those with the disease or risk factors. This may explain the higher previous life-time incidence of fracture in the attendees of the Osteoporosis Prospective Risk Assessment study. 3, 4 Since this factor may inflict bias in similar epidemiological studies, fracture confirmation is likely to be better when data are retrieved from several sources.
